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PERMISSIBLE EXPLOSIVES TESTED PRIOR TO 
JANUARY 1, 1917. 


By Spencer P. Howe t. 


GENERAL STATEMENT. 


In the table following are the brand names of all explosives now 
considered as permissible explosives that were tested by the Bureau 
of Mines prior to January 1, 1917. 

Further information on permissible explosives may be found in 
other Bureau of Mines publications. The precautions to be ob- 
served in the handling, storage, and use of permissible explosives 
are found in Miner’s Circular 6. The conditions to be fulfilled by 
applicants desiring explosives tested to determine their permissi- 
bility for use in coal mines are stated in Schedule 1. A description 
of the tests made, the apparatus used for such tests, and detailed 
results of tests of 100 permissible explosives are given in Bulletins 
15 and 66. The storage, handling, and use of permissible explo- 
sives are discussed in Bulletins 10 and 17 and Miner’s Circular 7, and 
the methods used by the bureau in the analysis of permissible explo- 
sives and the tolerances for permissible explosives as promulgated 
by the Bureau of Mines on July 1, 1915, are detailed in Bulletin 96. 
The tolerances established are also given on pages 16 and 17 of the 
present report. 

There were 129 explosives on the permissible list on March 1, 
1915.° During the succeeding 21 months 32 explosives were added 
to the list; 9 explosives were dropped (in most instances because 
the manufacturers no longer desired to market them) and are no 
longer designated permissible explosives. The present list takes 
the place of all preceding lists and includes a total of 152 explosives. 


@ Hall, Clarence, Permissible explosives tested prior to Jan. 1, 1912, and precautions to be taken in their 
use: Miner's Circular 6, Bureau of Mines, 1912, 20 pp.; Fees for testing explosives: Schedule 1, Bureau of 
Mines, 1913; Hall, Clarence, Snelling, W. O., and Howell, S. P., Investigations of explosives used in coal 
Mines: Bull. 15, Bureau of Mines, 1911, 191 pp.: Hall, Clarence, and Howell, 8. P., Tests of permissible 
explosives: Bull. 66, Bureau of Mines, 1913, 313 pp.: Munroe, C. E., and Hall, Clarence, A primer on explo- 
Sives for coal miners: Bull. 17, Bureau of Mines, 1911, 61 pp.; Rutledge, J. J., and Hall, Clarence, The use 
of permissible explosives: Bull. 10, Bureau of Mines, 1912, 34 pp.; Storm, C. G., The analysis of permissi- 
ble explosives: Bull. 96, Bureau of Mines, 1916, 88 pp.; Rutledge, J. J., The use and misuse of explosives 
in coal mining: Miner's Circular 7, Dureau of Mines, 1913, 52 pp. 

> Howell, S. P., Permissible explosives tested prior to March 1, 1915: Tech. Paper 100, Bureau of Mines, 
1915, p. 5. 
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6 PERMISSIBLE EXPLOSIVES. 


In the table three additional items are published for the first 
time. These items, the values of which are discussed on another 
page, are as follows: A new classification for permissible explosives, 
the weight of one cartridge (of the explosive) having a nominal 
diameter of 1} inches and a length of 8 inches, and the smallest 
diameter of cartridge in which each explosive is permissible. 

The latest current list of permissible explosives, which is subse- 
quent to the list given in this paper, will be found in the last issue of 
the Monthly Statement of Coal-Mine Fatalities in the United States, 
which contains also lists of miners’ electric lamps and other devices 
approved by the Bureau of Mines. 


DEFINITION OF A PERMISSIBLE EXPLOSIVE. 


An explosive is called a permissible explosive when it is similar in 
all respects to the sample that passed certain tests by the Federal 
Bureau of Mines, and when it is used in accordance with the con- 
ditions prescribed by this bureau. But even the explosives that 
have passed these tests and are named in this list as permissible 
explosives are to be considered permissible explosives only when 
used under the following conditions: , 

1. That the explosive is in all respects similar to the sample sub- 
mitted by the manufacturer for test. 

2. That detonators—preferably electric detonators—are used of 
not less efficiency than those prescribed, namely, those consisting by 
weight of 90 parts of mercury fulminate and 10 parts of potassium 
chlorate (or their equivalents). 

3. That the explosive, if frozen, shall be thoroughly thawed in a 
safe and suitable manner before use. 

4. That the quantity used for a shot does not exceed 13 pounds 
(680 grams), and that it is properly tamped with clay or other non- 
combustible stemming. 

After an explosive has passed the required tests and its brand 
name has been published in a list of permissible explosives, it is not a 
permissible explosive if one or more of any of the following condi- 
tions prevail: 

1. If kept in a moist place until it undergoes a change in character. 

2. If used in a frozen or partly frozen condition. 

3. If used in excess of 14 pounds (680 grams) per shot. 

4. If the diameter of the cartridge is less than that designated in 
the column ‘‘smallest permissible diameter.’ 

5. If fired with a detonator or electric detonator of less efficiency 
than that prescribed. 

6. If fired without stemming. 

7. If fired with combustible stemming. 
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LIST OF PERMISSIBLE EXPLOSIVES. ~ q 


Moreover, even when all of the prescribed conditions have been 
met, no explosive on the permissible list should necessarily be con- 
sidered as being permanently a permissible explosive, for the bureau 
reserves the right, on fuller information concerning the conditions 
that lead to safety, to revise this list; but any permissible explosive 
when used under the prescribed conditions may properly continue to 
be considered a permissible explosive until notice of its withdrawal 
or removal from the list has been officially published, or until its 
name is omitted from a later list published by the Bureau of Mines. 

Furthermore, the manufacturers of a permissible explosive may 
withdraw it at any time. Manufacturers are urged to do so when 
replacing a permissible explosive by one of superior qualities, or when 
they permanently discontinue the manufacture of a permissible 
explosive. 

After further experiments and conferences the Bureau of Mines 
may find it advisable to adopt additional and more severe tests to 
which all permissible explosives may be subjected, in the hope that 
through the use of such explosives only as pass the more severe tests 
the lives of miners may be better safeguarded. 


LIST OF PERMISSIBLE EXPLOSIVES. 


Subject to the conditions and provisions stated herein, the fol- 
lowing explosives are classed as permissible explosives: 
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12 PERMISSIBLE EXPLOSIVES. 


CLASSES OF PERMISSIBLE EXPLOSIVES. 


Tn order that the user of explosives may be able the better to select 
an explosive to meet a specific requirement the Bureau of Mines now 
classifies permissible explosives in two ways, as follows: (1) On the 
basis of the volume of poisonous gases produced by 14 pounds (680 
grams) of the explosive, and (2) on the basis of the characteristic 
ingredient of each explosive. 


VOLUME OF POISONOUS GASES. 


Most permissible explosives when properly detonated in a drill 
hole in a coal mine produce poisonous gases, but they produce at the 
same time a much larger volume of nonpoisonous gases. In order 
that the poisonous gases may not under normal conditions become a 
menace to the lives or health of miners no explosive is now or can 
become permissible if it evolves upon detonation more than 158 liters 
(54 cubic feet) of permanent poisonous gases, as determined by test 
in the Bichel pressure gage. Field tests of an explosive made under 
extreme conditions for the production of the greatest percentage 
of poisonous gases in the air show that in a narrow entry, with no 
ventilation at or near the face, a 14-pound charge of an explosive, 
which gave 158 liters of poisonous gas in gage tests, produced 0.18 
per cent of carbon monoxide (the only poisonous gas present) in the 
air when the sample was taken two minutes after the shot. Another 
_sample of the air taken two minutes later contained 0.08 per cent of 
carbon monoxide. It is therefore evident that where ventilation is 
not active, as in a closed heading, miners or shot firers should not 
return to the face until at least five minutes after a shot. At all 
working faces that are difficult to ventilate explosives of class A or 
class 3 should be used, preferably those of class A. 

The classification on the basis of the volume of poisonous gases 
produced by 14 pounds (680 grams) of the explosive is as follows: 

Class A, those explosives from which the volume of poisonous 
gases produced is not more than 53 liters. 

Class B, those explosives from which the volume of poisonous 
gases is more than 53 liters but less than 106 liters, inclusive. 

Class C, those explosives in which the volume of poisonous gases 
is more than 106 liters but less than 158 liters, inclusive. 


CIIARACTERISTIC INGREDIENTS. 


Explosives are classified in accordance with their characteristic 
ineredient as follows: 

Class 1, ammonium nitrate explosives.—To class 1 belong all the 
explosives in which the characteristic ingredient is ammonium nitrate. 
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CLASSES OF PERMISSIBLE EXPLOSIVES. 13 


This class is divided into two subclasses. Subclass A includes every 
ammonium nitrate explosive that contains a sensitizer that is in itself 
an explosive. Subclass B includes every ammonium nitrate ex- 
plosive that contains a sensitizer that is not in itself an explosive. 
The ammonium nitrate explosives of subclass A consist principally 
of ammonium nitrate with small percentages of nitroglycerin, nitro- 
cellulose, or nitrosubstitution compounds which are used as sensitizers. 
The ammonium nitrate explosives of subclass B consist principally of 
ammonium nitrate with small percentages of resinous matter or 
other nonexplosive substances used as sensitizers. 

Ammonium nitrate explosives, when fresh and properly detonated, 
are well adapted for use in mines that are not unusyally wet. They 
are not suitable for use in wet mines, for if the contents of a cartridge 
of ammonium nitrate explosive is exposed for only a few hours to the 
damp atmosphere the explosive may so deteriorate as to fail to 
detonate completely, because ammonium nitrate takes up moisture 
readily. The redipping of cartridges of ammonium nitrate explosives 
aids in protecting the contents against moisture, or moist air, and the 
cartridges should be so stored and handled as to preserve the efficacy 
of the paraflinlike coating. The explosives should be obtained in a 
fresh condition and purchased in such quantities as will permit 
their prompt use. Experience at the Pittsburgh experiment station 
of the bureau shows that ammonium nitrate explosives will usually 
detonate completely after storage for six months in a well-ventilated 
magazine. 

Class 2, hydrated explosives.—To class 2 belong all explosives in 
which salts containing water of crystallization are the characteristic 
ingredients. The explosives of this class are somewhat similar in 
composition to the ordinary low-grade dynamites, except that one or 
more salts containing water of crystallization are added to reduce the 
flame temperature. They aro easily detonated. and most of them can 
be used successfully in damp working places. 

Class 3, organic nitrate explosives.—To class 3 belong all the explo- 
sives in which the characteristic ingredient is an organic nitrate 
other than nitroglycerin. The permissible explosives now listed 
under class 3 are nitrostarch explosives. 

Class 4, nitroglycerin explosives.—To class 4 belong all the explo- 
sives in which the characteristic ingredient is nitroglycerin. These 
explosives contain free water or an excess of carbon, which is added 
to reduce the flame temperature. A few explosives of this class 
contain salts, or an unusually low percentage of nitroglycerin, that 
reduce the strength and shattering effect of the explosives on detona- 
tion. The nitroglycerin explosives have the advantages of detonat- 
ing easily and of not being readily affected by moisture. 
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14 PERMISSIBLE EXPLOSIVES. 


WEIGHT OF 1} BY 8 INCH CARTRIDGE. 


The size in which cartridges of permissible explosives are usually 
sold is 1} by 8 inches, and from the weight of a cartridge of this size 
as given in the table the number of cartridges required to make the 
680 grams (14 pounds) maximum permissible quantity of explosive 
in a shot may be readily determined. To illustrate, the first explosive 
on the accompanying list (Aetna coal powder A), like all the other 
explosives on the list, is permissible only when fired in charges not 
exceeding 680 grams (14 pounds). The maximum permissible 
weight per shot (680 grams), divided by the weight of one 1} by 8 
inch cartridge (184 grams for Aetna coal powder A), gives the maxi- 
mun permissible number of cartridges of this size that may be used, 
3% (or 3.69) cartridges. 


SMALLEST PERMISSIBLE DIAMETER. 


In order that the user may know readily the smallest diameter 
in which a given explosive is permissible, this. information is given 
in the table. Should a manufacturer desire that an explosive be 
approved as permissible in a smaller diameter than that in which 
it is now permissible, he should make application for the necessary 
tests. 


UNIT DEFLECTIVE CHARGE AS DETERMINED BY THE BALLISTIC 
PENDULUM. 


The figures in the seventh column of the table show the weight 
in grams of the quantity of explosive that is required to swing the 
pendulum mortar the same distance as one-half pound (227 grams) 
of the standard 40 per cent ‘“‘straight’’ nitroglycerin dynamite of 
the Pittsburgh testing station of the Bureau of Mines. Many observ- 
ers have expressed the opinion that the “coal-getting’’ strength of 
permissible explosives is represented better by the results of this 
test than by the results of any other single test yet devised. The 
reader should note that the results do not take into consideration 
whether the coal when shot down is fine or coarse. 


RATE OF DETONATION. 


In comparing the unit deflective charge of one explosive with that 
of another explosive a fine distinction should not be drawn, for it 
must be remembered that tolerance limits have been established for 
the results with the ballistic pendulum, as given on page 17, and 
these limits are designed to cover all reasonable variations of manu- 
facture, sampling, and chemical and physical determinations made. 
This principle applies to all the items of the chemical analysis as 
well as to the items of the physical tests. 
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STORAGE OF PERMISSIBLE EXPLOSIVES. 15 


The table shows in feet per second and meters per second the rela- 
tive velocity of detonation of each explosive. The adaptability of 
a permissible explosive to a particular coal-mining condition depends 
greatly on its rate of detonation. For certain work in which a 
shattering effect is desired, as in driving through or “brushing” 
rock, or in producing coal for coke making, the explosive reaction 
should be rapid, and for such work permissible explosives having a 
high rate of detonation should be selected. Similarly, for shooting 
down a soft, friable coal to produce lump or steam coal, a permissible 
explosive should be selected that detonates slowly and hence gives 
a more prolonged pressure. In medium hard coal an explosive 
having an intermediate rate of detonation may be expected to be 
most suitable. 

Although these relations usually hold, they do not always, because 
coals differ in hardness and coal beds differ in the number and posi- 
tion of the joints, partings, and shale bands. Such facts have to 
be considered in selecting an explosive for mining coal. 

An explosive having a very low rate of detonation is not always 
the best for mining a friable coal much fractured, because some of 
its energy may be lost by its gases escaping through the fractures. 
Under such conditions an explosive having an intermediate rate 
produces the most economical results. 


STORAGE OF PERMISSIBLE EXPLOSIVES. 


The bureau is now reexamining permissible explosives found in com- 
mercial shipments and in the field to determine how closely they 
conform to the samples upon which the permissibility tests were 
originally made. In order that this examination should be properly 
made, tolerances* were established by the bureau on July 1, 1915. 

One of the provisions of these tolerances is ‘‘that where the Bureau 
of Mines finds a sample which does not come up to the tolerance 
limits, the bureau shall simply declare that particular lot of explo- 
sives not permissible, and a copy of the notification to the consumer 
or owner shall be furnished the manufacturer.” 

The usual causes of an explosive exceeding the tolerances for 
chemical analysis or physical tests are two: (1) It may not have been 
properly manufactured; (2) it may not have been properly stored. 
The manufacturer is responsible for 1 because the consumer has 
no control over the method of manufacture of the explosive, but the 
consumer or owner is responsible for 2 because the manufacturer has 
no control over the conditions of storage when the explosive has 
once passed from his ownership. When a given lot of explosive is 
declared nonpermissible both the owner and the manufacturer are 


a Storm, C. G., The analysis of permissible explosives: Bull. 96, Bureau of Mines, 1916, pp. 80-81. 
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notified. The bureau does not attempt to fix the responsibility as 
between owner and manufacturer. 

The manufacturer should exercise due care that the quality of the 
raw materials, and the weighing and incorporating of them is similar 
in all respects to that for the original sample of explosives submitted 
for tests; and that the explosive is fresh-and in first-class condition 
when sold. The user should store explosives in well-ventilated 
magazines, at temperatures not exceeding 90° F. The boxes should 
be placed so that the cartridges lie horizontally, though the tops of 
the boxes may be up ordown. The explosives purchased first should 
be used first, and hence older explosives should not be stored under 
or behind a fresh consignment. It is well to purchase explosives in 
such quantities that they can be used promptly. 


TOLERANCES FOR PERMISSIBLE EXPLOSIVES. 


The tolerances promulgated by the Bureau of Mines to provide 
for reasonable limits of variation in the results of analyses and tests 
of permissible explosives are given below. If these tolerances are 
exceeded by a given lot of any permissible explosive it is not per- 
missible. The tolerances established, which were made effective 
July 1, 1915, and were first published in Bulletin 96, as previously 
stated, are as follows: 

In order to define more exactly what is meant by the phrase ‘“‘similar in all respects” 
in the definition of a permissible explosive, namely, “‘an explosive is called a per- 
missible explosive when it is similar in all respects to the sample that passed certain 
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QUANTITY OF CONSTITUENT, PER CENT 
Fiaure 1.—Curve of limit variation in composition of permissible explosives. 
tests by the United States Bureau of Mines, and when it is used in accordance with 
the conditions prescribed by this bureau,’’ the following tolerances are recommended 


for field samples or manufacturers’ samples of explosives, beyond which such lot of 
explosives can not vary and still be considered permissible for use in coal mines: 
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Provided, That where the Bureau of Mines finds a sample which does not come up 
to the tolerance limits, the bureau shall simply declare that particular lot of explosives 
not permissible, and a copy of the notification to the consumer or owner shall be 
furnished the manufacturer, the notification to state that the explosive did not meet 
the tolerance requirements for moisture or ingredients, etc., as the case might be. 

Chemical analysis.—Moisture, to be fixed by a sliding scale of from 14 per cent at 
zero to 4 per cent at 10 per cent of moisture in original sample, this tolerance being 
on total percentage of moisture in the explosive. 

Other ingredients (or their equivalents) in quantities not exceeding 60 per cent, 
according to curve shown in figure 1. For ingredients in quantities of 60 per cent 
or more, the tolerance shall be plus or minus 3 per cent: Provided, That the ingredients 
of a permissible explosive shall be considered to be those substances reported as 
found by the Bureau of Mines in the original sample of that explosive submitted 
for test as to its permissibility: And provided further, That an equivalent shall be 
considered to be a substance which would not materially alter the properties of the 
explosive and which would produce the same result as the original substance. 

Products of combustion (determined by Bichel gage tests)—The volume of poison- 
ous gases from 680 grams of the explosive, including its wrapper, must be less than 
158 liters, except that in case the first test yields 158 liters or more of poisonous gases 
per 680 grams of the explosive, including its wrapper, the average result of three 
tests agreeing within 5 per cent of each other shall be taken, and no explosive shall 
remain permissible when this average for poisonous gases exceeds the above standard 
limits. 

Physical tests.o— 

Rate of detonation (the average of three trials with Mettegang’s recorder), plus or 
minus 15 per cent. 

Unit deflective charge (the average of three trials with the ballistic pendulum), 
plus or minus 10 per cent. 

Grams of wrapper per 100 grams of explosive, plus or minus 2.0 grams (average of 
four determinations): Provided, That the manufacturers shall submit samples of all 
different sizes of cartridges, to be considered as part of the original sample, the amount 
of wrapper to be determined for each size of sample: And provided further, That the 
tolerances as suggested shall be determined in comparison with the various diameters 
of samples as submitted with the original sample. 

Apparent specific gravity of cartridge, by sand, plus or minus 7.5 per cent (average 
of four determinations): Provided, that actual density shall be determined on car- 
tridges of the same diameter as the standard: And provided further, That manufacturers 
shall be required to submit samples of all sizes. 

Gas and dust gallery No. 1.—No ignition must be obtained in each of one or more 
trials. Note: In the retesting of permissible explosives by tests 1, 3, and 4,° the 
charges of the explosives fired will be reduced 10 per cent in weight from the weights 
originally used in order to eliminate any likelihood of a failure being due to the 
natural variations in the gallery conditions. 

Pendulum friction test.—Each explosive must pass a test of 10 trials under the 
same conditions as originally tested, except that the height of fall of the wood-fiber 
shoe will be reduced by 10 per cent in order to eliminate any likelihood of a failure 
being due to the natural variations in test conditions, 


@ For method of making these tests, see Hall, Clarence, and Howell,S. P., Tests of permissible explosives: 
Bull. 66, Bureau of Mines, 1913, 313 pp. 
b Op. cit., p. 303. 
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PUBLICATIONS ON INVESTIGATIONS OF EXPLOSIVES. 


A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until 
the edition is exhausted. Requests for all publications can not be 
granted, and to insure equitable distribution applicants are requested 
to limit their selection to publications that may be of especial inter- 
est to them. Requests for publications should be addressed to the 
Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications avail- 
able for free distribution, as well as those obtainable only from the 
Superintendent of Documents, Government Printing Office, on pay- 
ment of the price of printing. Interested persons should apply to 
the Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 


BULLETIN 17. A primer on explosives for coal miners, by C. E. Munroe and Clar- 
ence Hall. 61 pp., 10 pls., 12 figs. 

Bu.ietin 48. The selection of explosives used in engineering and mining opera- 
tions, by Clarence Hall and S. P. Howell. 1914. 50 pp., 3 pls., 7 figs. 

Bu.ietin 59. Investigations of detonators and electric detonators, by Clarence Hall 
and §. P. Howell. 1913. 73 pp., 7 pls., 5 figs. 

BuLtetin 66. Tests of permissible explosives, by Clarence Hall and S. P. Howell. 
1913. 313 pp., 1 pl., 6 figs. 

Buiietin 80. A primer on explosives for metal miners and quarrymen, by C. E. 
Munroe and Clarence Hall. 1915. 125 pp., 51 pls., 17 figs. 

BuLuetin 96. The analysis of permissible explosives, by C. G. Storm. 1916. §&8 
pp., 3 pls., 7 figs. 

TecunicaL Paper 6. The rate of burning of fuse as influenced by temperature 
and pressure, by W. O. Snelling and W. C. Cope. 1912. 28 pp. 

TECHNICAL Paper 7. Investigations of fuse and miners’ a by Clarence Hall 
and S. P. Howell. 1912. 19 pp. 

TEcHNICAL Paper 12. The behavior of nitroglycerin when heated, by W. O. Snell- 
ing and C.G. Storm. 1912. 14 pp., 1 pl., 2 figs. 

TECHNICAL Paper 18. Magazines and thaw houses for explosives, by Clarence Hall 
and S. P. Howell. 1912. 34 pp., 1 pl., 5 figs. 

TecunicaL Paper 52. Permissible explosives tested prior to March 1, 1913, by 
Clarence Hall. 1913. 11 pp. 

TecHNICAL Parer 69. Production of explosives in the United States during the 
calendar year 1912, compiled by A. Hl. Fay. 1914. 8 pp. 

TECHNICAL Paper 71. Permissible explosives tested prior to January 1, 1914, by 
Clarence Hall. 1914, 12 pp. 

TECHNICAL Paper 78. Specific-gravity separation applied to the analysis of min- 
ing explosives, by C. G. Storm and A. L. Hyde. 1914. 14 pp. 

TECHNICAL Paper 89. Coal-tar products and the possibility of increasing their 
manufacture in the United States, by H. C. Porter, with a chapter on coal-tar prod- 
ucts used in explosives, by C.G. Storm, 1915. 21 pp. 
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TECHNICAL PaPerR 100. Permissible explosives tested prior to March 1, 1915, by 
8. P. Howell. 1915. 16 pp. 

TECHNICAL Paper 125. The sand test for determining the strength of detonators, 
by C. G. Storm and W.C. Cope. 1916. 68 pp., 2 pls., 5 figs. 

TECHNICAL Paper 145. Sensitiveness to detonation of trinitrotoluene and tetrani- 
tromethylanilin, by G. B. Taylor and W. C. Cope. 1916. 11 pp. 

TECHNICAL PaPer 146. The nitration of toluene, by E.J. Hoffman. 1916. 32 pp. 

TECHNICAL PaPer 159. Production of explosives in the United States during the 
calendar year 1915, with notes on céal-mine accidents due to explosives, and a list 
of permissible explosives, lamps, and motors tested prior to June 1, 1916, compiled 
by A. H. Fay. 1916. 24 pp. 

TECHNICAL ParErR 160. The determination of nitrogen in substances used in explo- 
sives. 1917. 46 pp., 1 pl., 4 figs. 

Miners’ Crrcutar 7. Use and misuse of explosives in coal mining, by J. J. Rut- 
ledge, with a preface by J. A. Holmes. 1913. 52 pp., 8 figs. , 

Miners’ Crrcuxar 19. The prevention of accidents from explosives in metal min- 
ing, by Edwin Higgins. 1914. 16 pp., 11 figs. 


PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE SUPER- 
INTENDENT OF DOCUMENTS. 


Bu.ietin 10. The use of permissible explosives, by J. J. Rutledge and Clarence 
Hall. 1912. 34 pp., 5 pls., 4 figs. 10 cents. 

BuLLETIN 15. Investigations of explosives used in coal mines, by Clarence Hall, 
W. 0. Snelling, and S. P. Howell, with a chapter on the natural gas used at Pittsburgh, 
by G. A. Burrell, and an introduction by C.E.Munroe. 1911. 197 pp.,7 pls.,5 figs. 
25 cents. 

Bunetin 51. The analysis of black powder and dynamite, by W. O. Snelling and - 
C.G. Storm. 1913. 80 pp., 5 pls., 5 figs. 10 cents. 

TECHNICAL PaPER 17. The effect of stemming on the efficiency of explosives, by 
W. O. Snelling and Clarence Hall. 1912. 20 pp., 11 figs. 5 cents. 

TEcHNIcAL Paper 85. Production of explosives in the United States during the 
calendar year 1913, compiled by A. H. Fay. 1914. 15 pp. 5 cents. 

TECHNICAL PaPrer 107. Production of explosives in the United States during the 
calendar year 1914, with notes on coal-mine accidents due to explosives, compiled 
by A. H. Fay. 1915. 16 pp. 5 cents. 

Miners’ Crrcuzar 6. Permissible explosives tested prior to January 1, 1912, and 
Precautions to be observed in their use, by Clarence Hall. 1912. 20 pp. 5 cents. 
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